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W orksheet 13A (page 13.1)  

 1. (a) 

a

b

 

  (b) 

a

b

 

or

 

a

b

 

  (c) 

a b

 

  (d) 

a b

 

 
 2. (a) °=°+ 18042x  (adj. ∠s on st. line) 

 
°=

°−°=

138
42180x

 

  (b) °=+°+° 1806367 x  (adj. ∠s on st. line) 

 
°=

°−°=

°=+°

50
130180

180130
x
x

 

 
 3. (a) °=°+°+ 3604575x  (∠s at a pt.) 

 
°=

°−°=

°=°+

240
120360

360120
x

x
 

  (b) °=+°+°++° 36031403260 xx  (∠s at a pt.) 

 
°=

°=

°=°+

32
1284
3602324

x
x

x
 

 
 4. (a) °=°+ 18045x  (adj. ∠s on st. line) 

 
°=

°−°=

135
45180x

 

  (b) °=°+°+ 1804550y  (adj. ∠s on st. line) 

 
°=

°−°=

°=°+

85
95180

18095
y

y
 

  (c) °= 45z  (vert. opp. ∠s) 

W orksheet 13B (page 13.5)  

 1. c, r  • 
• 

• 

• 

 Corresponding 
angles  r, a  • 

 r, d  • 
Alternate angles 

 y, d  • 
 s, c  • Interior angles on 

the same side  d, s  • 
 
 2. (a) °=∠+∠ 180CBGABG  (adj. ∠s on st. line) 

  (b) °=∠+∠ 180BEFCBE  (int. ∠s, AC  //  DF) 

  (c) BEFGBC ∠=∠  (corr. ∠s, AC  //  DF) 

  (d) FEHBED ∠=∠  (vert. opp. ∠s) 
  (e) BEFABE ∠=∠  (alt. ∠s, AC  //  DF) 
 
 3. (a) °=°+ 18052p  (int. ∠s, EF  //  GH) 

 
°=

°−°=

128
52180p

 

  (b) °= 52q  (alt. ∠s, EF  //  GH) 

 
 4. °=∠ 49ABC  (alt. ∠s, AB  //  CD) 

  °=+∠ 360xABC  (∠s at a pt.) 

 
°=

°−°=

°=+°

311
49360

36049
x
x
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 5. xDAB =∠  (corr. ∠s, AD  // BE) 

  °=∠ 65FAB  (corr. ∠s, AF  // BG) 

  °=°+∠+∠ 360265FABDAB  (∠s at a pt.) 

 

°=

°−°=

°=°+

°=°+°+

30
330360

360330
36026565

x
x

x

 

W orksheet 13C (page 13.7)  

 1. °=°+°++ 1805515xx  (∠ sum of Δ) 

 

°=

°=

°−°=

°=°+

55
1102

701802
180702

x
x
x

x

 

 
 2. 

°=

°+°=

84
4440x

 
(ext. ∠ of Δ)

 

 
 3. xCBD =∠  (vert. opp. ∠s) 
  °=∠ 38BCD  (base ∠s, isos. Δ) 
  °=∠+∠+∠ 180BDCBCDCBD  (∠ sum of Δ) 

 

°=

°−°=

°=°+

°=°+°+

104
76180

18076
1803838

x
x

x

 

 
 4. (a) In ΔBCF, 

   

°=

°=

°=°−

°=°−+

38
762
56202
5620

x
x

x
xx

 

(ext. ∠ of Δ)

 

  (b) In ΔABE, 

   
°=

°+°=

°+=

68
3038

30xy (ext. ∠ of Δ)
 

 
 5. (a) In ΔABE, 

   
°=

°+°=

110
4565x

 
(ext. ∠ of Δ) 

  (b) In ΔBCD, 
   

°=

°=

°=°+

°=°++°

°=°++

8
405
1801405
180305110
180305

y
y

y
y
yx

 

(∠ sum of Δ)

 

W orksheet 13D (page 13.11)  

 1. (a) ∵ °=∠=∠ 55BEFGBC  
   ∴  AC  //  DF (corr. ∠s eq.) 
  (b) ∵ °=∠=∠ 125BEDCBE  
   ∴ AC  //  DF (alt. ∠s eq.) 
  (c) ∵ 

°=

°+°=∠+∠

180
55125BEFCBE

 

   ∴ AC  //  DF (int. ∠s supp.) 
 
 2. °=°+°+∠ 1807290BOA  (adj. ∠s on st. line) 

 

COD

BOA
BOA

∠=

°×=

°=∠

°=°+∠

4
1

72
4
1
18
180162

 

 
 3. ∵ ACAB =  (given) 
  ∴ °=∠ 70ACB  (base ∠s, isos. Δ) 

  ∵ 
°=

°+°=∠+∠

180
11070ACDACB

 

  ∴ BCD is a straight line. (adj. ∠s supp.) 
 
 4. aBCE =∠  (alt. ∠s, AB  //  CE) 
  °=+∠ 180bBCE  (adj. ∠s on st. line) 
  ∴ °=+ 180ba  
 
 5. bCOF =∠  (vert. opp. ∠s) 

  ∵ EFAB⊥  (given) 

  ∴ 
FOACOFBOC
FOAFOB

∠=∠+∠

°=∠=∠ 90
 

  ∴ cba =+  
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Build-up Exercise 13A (page 13.13)  

 1. (a) No, a and b are not adjacent angles. 
 

 

  (b) No, a and b are not adjacent angles. 
 

 

  (c) Yes, a and b are adjacent angles. 
 
 

 
 2. (a) No, x and y are not vertically opposite 

 

 

   angles. 

  (b) Yes, x and y are vertically opposite angles. 
 

 

  (c) No, x and y are not vertically opposite 
 

 

   angles. 

 
 3. (a) 

°=

°=+°

140
18040

a
a

 
(adj. ∠s on st. line)

 

  (b) 
°=

°=°+

60
360300

a
a

 
(∠s at a pt.)

 

  (c) °= 45a  (vert. opp. ∠s) 

 

 4. (a) 
°=

°=°+

120
18060

a
a

 
(adj. ∠s on st. line)

 

  (b) 
°=

°=°+

72
180108

b
b

 
(adj. ∠s on st. line)

 

  (c) 

°=

°=°+

°=°++°

102
18078
1804830

c
c
c

 
(adj. ∠s on st. line)

 

  (d) 

°=

°=°+

°=+°+°

50
180130
1809040

d
d

d
 

(adj. ∠s on st. line)
 

  (e) 

°=

°=°+

°=°+°++°

25
180155
180353090

e
e

e
 
(adj. ∠s on st. line)

 

  (f) 

°=

°=

°=°+

°=+°+°+

50
1002
180802
1805228

f
f

f
ff

 

(adj. ∠s on st. line)

 

 5. (a) 
°=

°=°+

120
360240

a
a  (∠s at a pt.)

 

  (b) 
°=

°=°+

295
36065

b
b

 
(∠s at a pt.)

 

  (c) 

°=

°=°+

°=°+°+

135
360225
360105120

c
c

c
 

(∠s at a pt.)
 

  (d) 

°=

°=°+

°=°+°+

90
360270
36018090

d
d

d
 

(∠s at a pt.)
 

  (e) 

°=

°=°+

°=°+°+°+

135
360225
360904590

e
e

e
 

(∠s at a pt.)
 

  (f) 

°=

°=°+

°=°+°+°+

85
360275
36012510248

f
f

f
 

(∠s at a pt.)
 

 
 6. (a) °= 60a  (vert. opp. ∠s) 

  (b) 
°=

°=

26
522

b
b

 
(vert. opp. ∠s)

 

  (c) 

°=

°=

−°=+°

5
102
4030

c
c

cc
 

(vert. opp. ∠s)
 

 
 7. (a) 

°=

°=°+

°=°+°+

48
180132
1804290

a
a

a
 

(adj. ∠s on st. line)
 

   
°=

=

48
ab

 
(vert. opp. ∠s)

 

  (b) 
°=

°=°+

90
18090

m
m

 
(adj. ∠s on st. line)

 

   
°=

=

90
mn

 
(vert. opp. ∠s)
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  (c) 

°=

°=

°=°+

°=++°++

48
2886
360726
3602722

r
r

r
rrrr

 

(∠s at a pt.)

 

 
 8. (a) 

°=

°=

°=°+

55
1102
180702

a
a

a
 

(adj. ∠s on st. line)
 

   
°=

°×=

=

110
552

2ab (vert. opp. ∠s)
 

  (b) 

°=

°=°+

°=°+°+

62
180118
1808038

a
a

a
 

(adj. ∠s on st. line)
 

   
°=

=

62
ab

 
(vert. opp. ∠s) 

  (c) °= 35a  (vert. opp. ∠s) 

   °= 90b  (vert. opp. ∠s) 

   
°=

°=°+

°=°++°

55
180125
1803590

c
c
c

 
(adj. ∠s on st. line)

 

 
 9. (a) °=°−+°+°++°+ 18055501020 aaa  

(adj. ∠s on st. line) 

 
°=

°=

°=°+

15
1057
180757

a
a

a
 

   
°=

°+°=

°+=

25
1015
10ab (vert. opp. ∠s)

 

  (b) 

°=

°=

°=°+

°=+°+

35
1404
180404
180403

a
a

a
aa

 

(adj. ∠s on st. line)

 

   
°=

°=

=

7
355

5

b
b

ab (vert. opp. ∠s)
 

  (c) 
°=

°=°+

140
18040

a
a

 
(adj. ∠s on st. line)

 

   
°=

°=+°

°=+

20
160140
160

b
b
ba

 
(vert. opp. ∠s)

 

Build-up Exercise 13B (page 13.16)  

10. (a) x and y are a pair of corresponding angles. 
 

 

  (b) x and y are a pair of interior angles on the 
 
 

   same side. 
 

 

  (c) x and y are a pair of alternate angles. 
 

 

  (d) x and y are a pair of alternate angles. 
 

 

  (e) x and y are a pair of corresponding angles. 
 

 

  (f) x and y are a pair of corresponding angles. 
 

 

  (g) x and y are a pair of corresponding angles. 
 

 

  (h) x and y are a pair of interior angles on the 
 
 

   same side. 
 

 

  (i) x and y are a pair of alternate angles. 
 

 

 
11. (a) °= 60x  (corr. ∠s, AB  //  CD) 

  (b) °=135y  (alt. ∠s, AB  //  CD) 

  (c) 
°=

°=°+

125
18055

z
z

 
(int. ∠s, AB

 

//
 

CD)
 

 
12. (a) °=109z  (alt. ∠s, AB  // CD) 

  (b) °=125z  (corr. ∠s, AB  // CD) 

  (c) 
°=

°=°+

68
180112

z
z

 
(int. ∠s, AB  // CD)

 

 
13. (a) 

°=

°=°+

65
180115

x
x

 
(adj. ∠s on st. line)

 

   
°=

=

65
xy

 
(corr. ∠s, BE  //  CF) 
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  (b) 
°=

°=°+

50
360310

x
x

 
(∠s at a pt.)

 

   
°=

=

50
xy

 
(alt. ∠s, AB  //  CD)

 

  (c) 
°=

°=°+

55
180125

x
x

 
(int. ∠s, AB  //  CD)

 

   
°=

°=+°

°=+

305
36055
360

y
y
yx

 
(∠s at a pt.)

 

 
14. (a) °=∠ 68BFG  (vert. opp. ∠s) 

   
°=

°=+°

°=+∠

112
18068
180

x
x
xBFG

 
(int. ∠s, AB  //  CD)

 

  (b) yABC =∠  (alt. ∠s, AB  //  CD) 

   
°=

°=°+

°=°+∠

76
360284
360284

y
y

ABC
 

(∠s at a pt.)
 

  (c) °=∠ 48BCE  (alt. ∠s, AB  //  CE) 

   
°=

°=+°

°=+∠

132
18048
180

z
z
zBCE

 
(adj. ∠s on st. line)

 

 

15. (a) 

°=

°=+°

°=+°+°

°=∠+°

98
18082
1803646
18046

x
x
x

ACD

 

(int. ∠s, AB  //  CD)

 

  (b) 

°=

°=°+

°=∠

17
6548
65

y
y
BAD

 
(alt. ∠s, AB

 

//
 

CF)
 

  (c) °=∠ 85DEG  (corr. ∠s, AB  //  DE) 
   zGEF =∠  (corr. ∠s, BC  //  EF) 

   
°=

°=+°

°=∠+∠

35
12085
120

z
z

GEFDEG
 

 

16. (a) 

°=

°+°=

∠=

56
1046

BADx
 

(alt. ∠s, AB  //  CE)
 

   °= 46y  (alt. ∠s, AB  //  CE) 

  (b) 
°=∠

°=°+∠

80
180100

CDF
CDF

 
(int. ∠s, CD  //  EF)

 

   
°=

∠=∠

80
CDFACD

 
(alt. ∠s, AC

 

//
 

DF)
 

   

°=

°=

°=°+

°=∠+

50
1002
180802
1802

x
x

x
ACDx

 

(int. ∠s, AB

 

//

 

CD) 

  (c) °= 25x  (alt. ∠s, BC  //  DE) 

   

°=

°=°+

°=°+°+

°=+°+

°=∠+

80
180100
1802575
18075
180

y
y

y
xy

ACDy

 

(int. ∠s, AB  //  CD)

 

 
17. (a) 

°=

°=

28
562

x
x

 
(alt. ∠s, AB  //  CF)

 

   
°=∠

°=°+∠

74
360286

BAD
BAD

 

   
°=

°=+°

°=+∠

106
18074
180

y
y
yBAD

 
(int. ∠s, AB  //  CF)

 

  (b) 
°=∠

°=°+∠

70
180110

CBD
CBD

 
(adj. ∠s on st. line)

 

   
°=

∠=∠

70
CBDBCE

 
(alt. ∠s, BD  //  EC)

 

   

°=

°=°+

°=°+°+

°=°+∠+

40
360320
36025070
360250

y
y

y
BCEy

 

(∠s at a pt.)

 

  (c) °=∠ 40ACG  (corr. ∠s, BF  //  CG) 
   xECG =∠  (corr. ∠s, DH  //  CG) 

   
°=

°=+°

°=∠+∠

70
11040
110

x
x

ECGACG
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18. (a) Draw a straight line CF which is parallel to 
AB and ED. 

   

100°
B D

EA

C

80° x

F

 
   °=∠ 80BCF  (alt. ∠s, AB  //  CF) 
   xDCF =∠  (alt. ∠s, CF  //  ED) 

   
°=

°=+°

°=∠+∠

20
10080
100

x
x

DCFBCF
 

  (b) Draw a straight line CF which is parallel to 
AB and DE. 

   B
105°

A

D E

C

125°x

F

 

   
°=∠

°=°+∠

55
180125

DCF
DCF

 (int. ∠s, CF  //  DE) 

   

°=

°=°+

°=∠+

°=∠

50
10555
105
105

x
x
DCFx
BCF

 

(alt. ∠s, AB  //  CF)

 

  (c) Draw a straight line DG which is parallel to 
BC and FE. 

   

40°

B F

D

E
C

A

55°
y

x

G

 
   °= 40x  (alt. ∠s, AB  //  CD) 

   °=∠ 40CDG  (alt. ∠s, BC  //  DG) 
   yEDG =∠  (alt. ∠s, DG  //  FE) 

   
°=

°=+°

°=∠+∠

15
5540
55

y
y

EDGCDG
 

 

19. (a) Draw a straight line DF which is parallel to 
AE and BC. 

   

E

125°
35°

110°

A

B
C

y
x

D
F

 

   
°=

°=°+

55
180125

x
x

 
(int. ∠s, AE  //  BC)

 

   yCDF =∠  (alt. ∠s, BC  //  DF) 

   °=∠ 35EDF  (alt. ∠s, AE  //  DF) 

   
°=

°=°+

°=∠+∠

75
11035
110

y
y
EDFCDF

 

  (b) xACD =∠  (alt. ∠s, AC  //  DF) 

   

°=

°=

°=+

°=∠+

45
1804
1803
1803

x
x
xx

ACDx

 

(int. ∠s, AB  //  CD)

 

   
°=

=

45
xy

 
(alt. ∠s, CD  //  EG)

 

  (c) °=∠ 105BDG  (corr. ∠s, BE  //  DG) 

   
°=∠

°=°+∠

°=°+∠+°

45
10560
1051545

EDF
EDF
EDF

 

   
°=

∠=

45
EDFx

 
(alt. ∠s, CE  //  DF)

 

Build-up Exercise 13C (page 13.20)  

20. (a) 

°=

°=°+

°=°+°+

120
18060
1803624

x
x

x
 

(∠ sum of Δ)
 

  (b) °= 50x  (base ∠s, isos. Δ) 
 

  (c) 
°=

°+°=

110
6050x  (ext. ∠ of Δ)
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21. (a)

 

°=

°=

°=°+

°=°++

50
1503
180303
180302

x
x

x
xx

 

(∠ sum of Δ)

 

  (b) 
°=

°=

29
582

x
x

 
(base ∠s, isos. Δ)

 

  (c) 
°=

°+°=

68
4622x

 
(ext. ∠ of Δ)

 

 
22. (a) °=∠ 65ACB  (base ∠s, isos. Δ) 

   

°=

°=°+

°=°+°+

°=∠+°+

50
180130
1806565
18065

a
a

a
ACBa

 

(∠ sum of Δ)

 

  (b) bBAC =∠  (base ∠s, isos. Δ) 

   

°=

°=

°=+°

°=++°

°=∠++°

54
1082
180272
18072
18072

b
b
b
bb

BACb

 

(∠ sum of Δ)

 

  (c) 
°=

°=+°

85
12540

c
c

 
(ext. ∠ of Δ)

 

 
23. (a) °=∠ 54BDC  (base ∠s, isos. Δ) 

   
°=

°+°=

°+∠=

108
5454
54BDCa

 
(ext. ∠ of Δ)

 

  (b) bACD =∠  (base ∠s, isos. Δ) 

   
°=

°=°+

°=°+∠

65
180115
180115

b
b

ACD
 

(adj. ∠s on st. line)
 

  (c) 
°=

°=°+

70
180110

c
c

 
(adj. ∠s on st. line)

 

   
°=

=∠

70
cBDC

 
(base ∠s, isos. Δ)

 

   
°=

°=°+

°=∠+

110
18070
180

d
d
BDCd

 
(adj. ∠s on st. line)

 

 

24. (a) xCBD =∠  (vert. opp. ∠s) 

   
°=

°=°+

°=°+°+∠

110
18070
1804030

x
x

CBD
 

(∠ sum of Δ)
 

  (b) °=∠ 37ACB  (base ∠s, isos. Δ) 
   °=°+∠+∠ 18037ACBBAC  (∠ sum of Δ) 

 
°=∠

°=°+∠

°=°+°+∠

106
18074
1803737

BAC
BAC

BAC
 

   
°=

°=°+

°=∠+

254
360106
360

x
x
BACx

 
(∠s at a pt.)

 

  (c) 
°=∠

°=°+∠

60
360300

ABC
ABC

 (∠s at a pt.) 

   
°=

°+°=

°+∠=

135
7560
75ABCx

 
(ext. ∠ of Δ)

 

 
25. (a) °= 40x  (vert. opp. ∠s) 

   
°=

°=+°

°=+

78
11840
118

y
y
yx

 
(ext. ∠ of Δ)

 

  (b) In ΔADE, 

   
°=

°+°=

78
3840x

 
(ext. ∠ of Δ)

 

   In ΔABE, 

   
°=

°=+°

°=+

37
11578
115

y
y
yx

 
(ext. ∠ of Δ) 

  (c) In ΔBCE, 

   
°=

°+°=

73
4825x

 
(ext. ∠ of Δ)

 

   In ΔABF, 

   
°=

°+°=

+°=

108
7335

35 xy
 

(ext. ∠ of Δ)
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26. (a) In ΔBCF, 

   
°=

°+°=

121
4081x

 
(ext. ∠ of Δ)

 

   
°=∠

°=°+∠

°=+∠

59
180121
180

ABE
ABE

xABE
 

(adj. ∠s on st. line)
 

   In ΔABE, 

   
°=

°+°=

°+∠=

87
2859
28ABEy

 
(ext. ∠ of Δ)

 

  (b) In ΔABD, 

   
°=

°+°=

25
1510x

 
(ext. ∠ of Δ)

 

   In ΔBDE, 

   
°=

°+°=

°+=

80
5525

55xy
 

(ext. ∠ of Δ)
 

   In ΔCDE, 

   
°=

°=+°

°=+

20
10080
100

z
z
zy

 
(ext. ∠ of Δ)

 

  (c) Produce BC to meet AD at E. 

   

88°
B

A

C

D
25°

138°

x

E

 
   In ΔCDE, 

   
°=∠

°=°+∠

113
13825

CED
CED

 
(ext. ∠ of Δ)

 

   In ΔABE, 

   
°=

°=°+

∠=°+

25
11388

88

x
x

CEDx
 

(ext. ∠ of Δ)
 

 

27. (a) 
°=∠

°=°+∠

55
180125

ABD
ABD

 
(int. ∠s, AC  //  BD)

 

   
°=

∠=∠

55
ABDBDE

 
(alt. ∠s, AB  //  CE) 

 

   In ΔBDE, 

   
°=

∠=∠

55
BDEBED

 
(base ∠s, isos. Δ)

 

   
°=

°=°+°+

°=∠+∠+

70
1805555
180

x
x

BEDBDEx
 

(∠ sum of Δ)
 

  (b) In ΔABD, 
   °=∠ 35ABD  (base ∠s, isos. Δ) 

   °=∠+°+°+ 1803555 ABDx  (∠ sum of Δ) 

 
°=

°=°+

°=°+°+°+

55
180125
180353555

x
x

x
 

   In ΔACD, 

   
°=

°=°+

°=°+°+°+

25
180155
180655535

y
y

y
 

(∠ sum of Δ)
 

   In ΔBCD, 

   
°=

=∠

25
yCBD

 
(base ∠s, isos. Δ)

 

   

°=

°=°+

°=°+°+°+

°=∠++°+

65
180115
180252565
18065

z
z

z
CBDyz

 

(∠ sum of Δ)

 

  (c) 

D48°

62°
C

B
A

x

E

d

c
b

a

 

   In ΔCDE, 
   ab =  (base ∠s, isos. Δ) 

   

°=

°=

°=++°

°=++°

66
1322
18048
18048

a
a
aa
ba

 

(∠ sum of Δ)

 

   In ΔBCE, 
   °= 62c  (base ∠s, isos. Δ) 

   

°=

°=°+

°=°++°

°=°++

56
180124
1806262
18062

d
d
d
dc

 

(∠ sum of Δ)
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 °=+∠ 180aAED  
 (int. ∠s, AE  //  CD) 

   

°=

°=°+

°=°+°+°+

°=+°++

10
180170
180664856
18048

x
x

x
adx

 

 
28. (a) In ΔABD, 
   °=∠ 28ABD  (base ∠s, isos. Δ) 

   
°=

°+°=

°+∠=

56
2828
28ABDx

 
(ext. ∠ of Δ)

 

   In ΔBDE, 

   
°=

=∠

56
xBED

 (base ∠s, isos. Δ) 

   In ΔABE, 

   
°=

°+°=

°+∠=

84
2856
28BEDy

 
(ext. ∠ of Δ)

 

  (b) In ΔABE, 
   °=∠ 70ABE  (base ∠s, isos. Δ) 

   In ΔBCE, 
   BECBCE ∠=∠  (base ∠s, isos. Δ) 

   
°=∠

°=∠

∠=∠+∠

35
702

BCE
BCE

ABEBECBCE
 

(ext. ∠ of Δ)
 

   
°=

∠=

35
BCEx

 
(alt. ∠s, AD  //  EF)

 

  (c) Draw a straight line FCG which is parallel 
to AB and DE. 

   

x

D

B

E

CA

220°

F

G

 

   
°=∠

°=°+∠

140
360220

CDE
CDE

 
(∠s at a pt.) 

 

   °=∠+∠ 180CDEGCD  (int. ∠s, FG //  DE) 

 
°=∠

°=°+∠

40
180140

GCD
GCD

 

   
°=∠

°=°+∠

90
18090

FCB
FCB

 
(int. ∠s, FG //  AB)

 

   
°=

°=°++°

°=∠++∠

50
1804090
180

x
x
GCDxFCB

 
(adj. ∠s on st. line)

 

Build-up Exercise 13D (page 13.23)  

29. ∵ 
°=

°+°=∠+∠

180
9090BOCAOB

 

  ∴ AOC is a straight line. (adj. ∠s supp.) 

 
30. (a) ∵ EGDEFB ∠=∠  
   ∴ AB //  CD (corr. ∠s eq.) 

  (b) ∵ DGFAFG ∠=∠  
   ∴ AB //  CD (alt. ∠s eq.) 

  (c) ∵ 
°=

°+°=∠+∠

180
45135FGDBFG

 

   ∴ AB //  CD (int. ∠s supp.) 

 
31. (a) °=++ 360yxx  (∠s at a pt.) 

 
xy

yx
2360

3602
−°=

°=+
 

 

 

  (b) xBCF =∠  (corr. ∠s, BE //  CF) 
   °=+∠ 180yBCF  (adj. ∠s on st. line) 

 
xy

yx
−°=

°=+

180
180

 
 
 

  (c) yCBD =∠  (vert. opp. ∠s) 

   In ΔBCD, 
   °=°++∠ 18050xCBD  (∠ sum of Δ) 

 
xy

xy
−°=

°=°++

130
18050
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32. (a) ∵ COD is a straight line. (given) 
   ∴ 

°=

°=

°=°+

60
1202
180602

x
x

x
 

(adj. ∠s on st. line)
 

  (b) ∵ 

°=

°×=

=

+=∠+∠

180
603

3
2

x
xxDOBAOD

 

   ∴ AOB is a straight line. (adj. ∠s supp.) 
 

33. ∵ °=°++°++°+ 360909090 aaa   (∠s at a pt.) 

 

°×=

°=

°=

°=°+

90
3
1
30
903
3602703

a
a

a

 

  ∴ a is 

3
1

 of a right angle. 

 
34. In ΔABC, 
  xACB =∠  (base ∠s, isos. Δ) 

  °=+∠ 180yACB  (adj. ∠s on st. line) 

  ∴ °=+ 180yx  

 
35. (a) ∵ BCDABC ∠=∠  

   ∴ AB //  CD (alt. ∠s eq.) 
  (b) ∵ 

°=

°+°=∠+∠

180
68112CDEBCD

 

   ∴ CB //  DE (int. ∠s supp.) 
 
36. ∵ AEB is a straight line. (given) 

  ∴ 
°=∠

°=°+∠

42
180138

BEF
BEF  (adj. ∠s on st. line) 

  ∵ FE //  BC (given) 

  ∴ 
°=

∠=∠

42
BEFCBE  (alt. ∠s, FE //  BC) 

  ∵ BCDCBE ∠=∠  

  ∴ EB //  CD (alt. ∠s eq.) 
 
 

37. (a) °=−°+°++°−+°+ 36011070306104 xxxx  
(∠s at a pt.) 

 
°=

°=

°=°+

20
20010
36016010

x
x

x
 

  (b) ∵ 

°=

°−°+°+°×=

−°+°+=

∠+∠

180
2011010204

110104 xx
CODAOD

 

   ∴ AOC is a straight line. (adj. ∠s supp.) 
   ∵ 

°=

°+°×+°−°×=

°++°−=

∠+∠

180
1020430206

104306 xx
AODAOB

 

   ∴ BOD is a straight line. (adj. ∠s supp.) 

  (c) 

°=

°+°×=

°+=∠

90
10204

104xAOD
 

   ∴ BDAC⊥  

 

38. 
xAEF

xAEF
−°=∠

°=+∠

180
180

 
(adj. ∠s on st. line)

 

  In ΔAEF, 
  ∵ 

x
AEFEAF

−°=

∠=∠

180
 (base ∠s, isos. Δ) 

 
AFC
y

xyx

∠=

=

−+=

 
(given)

 

  ∴ AB //  CD (alt. ∠s eq.) 

 
39. (a) In ΔABD, 
   ABDBADADE ∠+∠=∠  (ext. ∠ of Δ) 
   In ΔBCD, 
   BCDCBDCDE ∠+∠=∠  (ext. ∠ of Δ) 

 
ADE

ABDBAD
∠=

∠+∠=  (given) 

   ∴ CDEADE ∠=∠  
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  (b) CDEADEADC ∠+∠=∠  
 ADE∠= 2  (proved) 
 )(2 ABDBAD ∠+∠=  (proved) 
 )(2 ABDCBD ∠+∠=  (given) 
 ABC∠= 2  

   ∴ ABCADC ∠=∠ 2  
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